Depression of myocardial contractility after ethanol ingestion in man has previously been shown only in patients with heart disease. In the present study, normal subjects, aged 23-30 years, ingested six ounces of 43% alcohol over a two hour period (Group I, 6 subjects) or a one hour period (Group II, 5 subjects). Systolic time intervals were measured every 15 min from simultaneous ECG, phono-
cardiogram and carotid pulse tracings. Heart rate, total electromechanical systole and left ventricular ejection time (LVET) were not changed at any time from pre-alcohol values and, except for a small (5 mm Hg) and transient change in diastolic pressure in Group II, aortic pressures also were unchanged. However, in Group I, after 60 min, at a blood ethanol of 74 + 3 mg%, left ventricular depression was manifested by increased pre-ejection period (PEP) from 90 + 2 to 96 3.1 msec, isovolumic time (IVT) from 44± 3.5 to 52 4 (P <.01), and PEP/LVET ratio from 0.299 + 0.009 to 0.323 0.01 (P < .05). Further depression occurred at two hours with blood ethanol at 111 + 6 mg%. Doubling ingestion rate (Group II) produced reduction of left ventricular performance at 30 min at a blood level of 50± 3 mg%. Feeding of isocaloric sucrose in 5 subjects (Group III) as a control produced a decrease in PEP, LVT, and PEP/LVET. Thus, alcohol in nonintoxicating doses elicits a depression of cardiovascular function in normal unhabituated subjects.
Additional Indexing Words:
Systolic time intervals Alcoholic cardiomyo T HE ACUTE effects of ethyl alcohol on the myocardium have been studied by a number of investigators.'-6 Studies in man have demonstrated that the alcoholic subject without clinical heart disease exhibits evidence of diminished left ventricular function after ingesting twelve ounces of ethanol, taken as Scotch whiskey, over a two hour period, while six ounces were found to have no effect.7 Alcoholic subjects with cardiomyopathy exhibited significant additional depression of ven-tricular function after the lower dose. 8 In addition to the functional state of the myocardium, previous alcohol experience, with the potential for adaptation to circulatory as well as metabolic responses, could be a major determinant of the cardiac response to acute usage. To evaluate this factor we have undertaken a study of the effect of alcohol on normal individuals with infrequent alcohol intake, using the dosage level which had no effect on ventricular function in the noncardiac alcoholic.
We have previously shown that the systolic time intervals provide a valid index of the contractile state of the left ventricular myocardium in patients whose left ventricular function is not compromised by extra-myocardial hemodynamic abnormalities such as valve lesions, septal defects, and pulmonary vascular disease.9 Therefore, to preclude the necessity for left ventricular catheterization in this group of normal volunteers, the systolic time intervals were used to provide information concerning the contractile state of the left ventricle.
Materials and Methods
The effects of acute administration of alcohol were studied in nine normal volunteers, 23 to 30 years of age, who had a history of infrequent ingestion of alcohol. Six ounces of 43% alcohol in the form of undiluted Scotch whiskey were administered to six subjects over a two Circulation, Volume XLVIII, August 1973 hour period (Group I). To evaluate the effects of rate of administration, five subjects were fed the alcohol over a one hour period (Group II). Two ounces were ingested during the first 15 min 'm both groups, and the remaining four ounces during the next 105 min in Group I and during the next 45 min in Group II. To study the nonspecific effects of alimentation, five subjects (Group III) received an isothermic, isocaloric, and isovolumic solution of sucrose administered over one hour. All subjects were fasting and supine. All studies were done between 8 and 11 a.m.
The systolic time intervals were measured using the method and instrumentation described by Weissler and his associates,10 11 from simultaneous electrocardiograms, phonocardiograms, and carotid pulse tracings recorded on an Electronics for Medicine oscillographic recorder at a paper speed of 200 mm/ sec with time markers at 0.02 sec ( fig. 1 ). Fifteen to 20 complexes were analyzed. The person making the measurements was not aware of the state of the subject. Total electromechanical systole (Q-S2), left ventricular ejection time (LVET), and the duration of mechanical systole (S1S2) were measured directly. The Q-S2 was measured from the beginning of the Q wave in lead II to the first rapid deflection of the second heart sound. The S1S2 interval was measured as the period from the initial rapid deflection of the first heart sound to that of the second heart sound. LVET was measured from the onset of the rapid upstroke of the carotid pulse to the nadir of the dicrotic notch. The pre-ejection period (PEP), PEP/LVET ratio, and isovolumic contraction I d i.
Figure 1
Simultaneous recording of electrocardiogram (lead II), phonocardiogram and carotid pulse tracing at paper speed of 200 mm/sec with time markers at 0.02 sec. The variables measured directly are Q-S2, S1S2, and LVET (abbreviations defined under Methods) as shown. From these, CT, PEP, and IVT are obtained by calculation.
Circulation, Volume XLVIII, time (IVT) were derived from the direct measurements. PEP was calculated as the difference between Q-S2 and LVET. IVT was calculated as the difference between the S1S2 interval and the LVET. The Q-S, interval or conduction time (CT) was calculated as the difference between PEP and IVT. Our previous study, in which systolic time intervals were correlated with several invasive measures of myocardial contractility, demonstrated that augmented contractility is associated with decreases in PEP, IVT, and PEP/ LVET, and depressed contractility with increases in these three variables,9 the essential change being in IVT with changes in PEP and PEP/ LVET occurring in consequence of the IVT change.
Heart rate was obtained by multiplying 60 by the reciprocal of the mean R-R interval for the 15 or 20 complexes. Blood pressure was measured by sphygmomanometry with diastolic pressure taken as the disappearance of Korotkow sounds. Following control measurements, systolic time intervals and blood pressure were measured every 15 min during alcohol ingestion and, in the first four patients of Group I, for 30 min post-alcohol. Blood was drawn for determination of alcohol levels12 at the midpoint and at the end of ethanol ingestion.
Statistical analyses were performed using conventional methods for small samples. Differences between groups were evaluated by Student's f-test and differences between control and experimental values by a paired t-test. Figure 2 shows typical results in one experiment. It will be seen that, over the two hours during which this subject's blood alcohol rose to 115 mg%, there was a progressive increase in PEP and IVT. LVET did not change in this patient (PS, Group I, table 1) but, because of the prolongation of PEP, the PEP/LVET ratio also increased. Table 1 summarizes the results for Group I. At the midpoint of the study (one hour), when four ounces of alcohol had been consumed and mean blood alcohol was 74 mg%, IVT was prolonged in all patients and PEP in all but one, and mean IVT and PEP/LVET had risen significantly. At the end of the study (two hours), when six ounces of alcohol had been consumed and mean blood alcohol had increased to 111 mg%, there was a further rise in mean IVT, PEP/LVET, and PEP, all of which differed significantly from pre-alcohol values. There were no signfficant changes in heart rate, blood pressure, Q-S2, LVET, S1S2, or CT. were observed in all subjects and the means of these three variables differed significantly from the control values. Again, there were no significant changes in other systolic intervals or in heart rate or systolic pressure. A small increase occurred in aortic diastolic pressure, the mean value differing significantly from control at 30 min but not at one hour.
Results
In contrast (Group III, table 3) , the drinking of an isovolumic, isocaloric, isothermic sucrose solution, which also did not affect heart rate, blood pressure, or other systolic time intervals, resulted in significant decreases in mean IVT, PEP, and PEP/LVET. The abbreviation in systolic times and fall in ratio was observed in all subjects.
In figure 3 , the three groups are compared for the peak responses of the systolic time intervals expressed as mean per cent change from control values. In all groups, the maximal change was observed after administration of the full dose of alcohol or sucrose. None of the groups exhibited significant change in heart rate or blood pressure.
All exhibited significant alteration of PEP, PEP/ LVET, and IVT. There were no significant differences in response between Group I, with mean blood alcohol level of 111 mg% at two hours, and Group II, with mean blood alcohol level of 107 mg% at one hour. However, both groups differed significantly from Group III in the response of systolic times. The increases in PEP, PEP/LVET, and IVT, indicating myocardial depression, with alcohol, are in striking contrast with the decreases in all three variables with the control solution.
Post-alcohol observations were made in the first four subjects of Group I and discontinued thereafter when measurements showed a return to control values 15 to 30 min after cessation of alcohol drinking.
Discussion
Blomqvist, Staltin, and Mitchell13 administered 150 cc of 43% alcohol in the form of whiskey, rum or gin over a 20 min period to eight men who had been "moderate users of alcohol' and, finding no change in stroke volume either at rest or after submaximal or maximal exercise, concluded that alcohol at blood levels of 90-200 mg% (as obtained in their subjects at 60-85 min) "caused no significant acute depression of cardiac performance." Riff, Jain, and Doyle14 similarly reported no change in stroke volume or brachial artery dp/dt maximum either at rest or after exercise at a blood alcohol concentra-Circulation, Volume XLVIII, August 1973 tion of 85-136 mg%, obtained following administra-ten minutes, and concluded that "alcohol had no tion of six ounces of 90 proof bourbon in less than effect on the arterial pressure or left ventricular Comparison of the peak systolic-time responses to the control solution and to alcohol at the two dose rates. Values shown are the mean per cent changes from control values at the conclusion of the one or two hour study.
Circulation, Volume XLVIII, contractility (dp/dt) or on hemodynamic response to exercise.
Regan, et al. 7 have pointed out the difference between ventricular responses at two dose levels, six and twelve ounces, of Scotch administered over two hours. In non-cardiac alcoholic subjects, with the larger dose only, they noted a significant rise in left ventricular end-diastolic pressure, which peaked at 60 to 90 min, and a decline of stroke output, both of which returned towards control after alcohol feeding was interrupted. It is of note that in the two negative studies there was no measurement of ventricular diastolic pressure or volume13' 14 so that the estimate of left ventricular performance from cardiac or stroke output was incomplete. In addition, the timing of the observations was such as possibly to miss the period of ventricular depression. Moreover, the neurohumoral response to exercise may modify the response to ethanol itself.
It is apparent from these and other studies15-'9 that demonstration of acute hemodynamic responses to ingestion of ethanol depends upon dose, duration of administration, variables measured, and time of measurement as well as upon the prior alcohol usage and current hemodynamic state of the subject. In the present study, the increases in PEP, IVT, and PEP/LVET, in the absence of systematic and significant changes in heart rate and afterload, indicate a reduction of either contractile state or left ventricular preload. However, in our previous report of systolic time intervals in relation to various measures of left ventricular contractility and performance, the results were consistent with the contractile state being the predominant influence on the duration of the pre-ejection period, with activation time and diastolic filling (preload) being lesser determinants.9 Moreover, decrease in preload, with no change in heart rate, afterload, or contractility, should result in a diminished stroke output reflected in a shortened LVET. In the present study, LVET was not changed with alcohol drinking and, in both animal15 and human7' 16 studies in which reduced stroke volume was observed, there was an associated increase in left ventricular filling pressure7' 15 and end-diastolic volume. 16 We conclude, therefore, that the changes shown in the present study indicate that nonintoxicating blood levels of ethanol, produced by the ingestion of six ounces of Scotch whiskey over a two-hour period, elicit definite myocardial depression in normal subjects not habituated to ethanol.
This depression is not attributable to the effects Circulation, Volume XLVIII, of alimentation since the responses to the feeding of sucrose were opposite in direction to those observed with ethanol. Moreover, the effect of alcohol on the myocardium was not due to an increase in afterload since there was no significant change in aortic pressure in Groups I and II and, as will be noted in figure 4 , no significant difference in response between those subjects who exhibited little or no pressure rise and those who had a pressure rise of approximately 5 mm Hg. The depressive effects of acute alcohol ingestion shown in the present study were short-lived and, in the four patients in whom measurements were made, the systolic time intervals returned to normal soon after cessation of ingestion. From previous work in our laboratory, it is known that persistent high levels of alcohol usage, sufficient to justify the diagnosis of chronic alcoholism, may be associated, subject ( fig. 5 ). In this young adult male, systolic time intervals were in an abnormal range after a period of many weeks of alcohol ingestion in nearly intoxicating quantities. The ingestion of six ounces of Scotch over two hours elicited no significant change of systolic times in this subject. This is consistent with previous observations in which left ventricular pressures and volumes were determined.7 However, after two months of virtually complete abstinence, the control values had returned to within normal range. The control IVT shown in figure 5 had fallen from 53 to 22 msec, suggesting a readily reversible abnormality in early alcoholism in contrast to the response of the cardiomyopathic alcoholic.20 After this period of abstinence, the acute ingestion of alcohol elicited prolongation of systolic times. IVT, for example, rose from 22 to 40 msec, an effect attributable to ethanol since the control solution of sucrose produced a fall in IVT. Thus, in alcoholism of short duration the baseline performance of the ventricle may be reduced so that doses of ethanol that depress the ventricle of the non-alcoholic subject are without effect. Since a similar raised threshold to the cardiac depressant response has been observed in the isolated heart preparation of animals exposed chronically to ethanol,21 it may be postulated that myocardial adaptation to acute administration of ethanol occurs early in alcoholism and presumably persists up to the development of cardiac decom-pensation. However, moderate doses which have a modest cardiac depressant effect in normals, and an obtunded effect in the habituated, may, of course, be clinically significant in patients with chronic cardiac disease.8 22 
